ARCHIVIO ISTITUZIONALE
ONIVERSITA DI BOLOGNA DELLA RICERCA

Alma Mater Studiorum Universita di Bologna
Archivio istituzionale della ricerca

Autonomic Dysfunction in Hypersomnia

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

Published Version:

Autonomic Dysfunction in Hypersomnia / Alessandro Silvani; Isabelle Lambert; Anna Heidbreder; Yves
Dauvilliers; Lucie Barateau. - In: CURRENT SLEEP MEDICINE REPORTS. - ISSN 2198-6401. - ELETTRONICO. -
9:2(2023), pp. 115-123. [10.1007/s40675-023-00251-y]

Availability:
This version is available at: https://hdl.handle.net/11585/951837 since: 2024-01-03

Published:
DOI: http://doi.org/10.1007/s40675-023-00251-y

Terms of use:

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

This item was downloaded from IRIS Universita di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

(Article begins on next page)

19 April 2024


http://doi.org/10.1007/s40675-023-00251-y
https://hdl.handle.net/11585/951837

This is the accepted manuscript of:
Silvani, A.,Lambert, I., Heidbreder, A. et al.
Autonomic Dysfunction in Hypersomnia.

Curr Sleep Medicine Rep 9, 115—- 123 (2023).

The final published version is available online at: https://doi.org/10.1007/s40675-023-
00251-y

Terms of use:

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's
website.

This item was downloaded from IRIS Universita di Bologna (https://cris.unibo.it/)

When citing, please refer to the published version.



https://cris.unibo.it/
https://doi.org/10.1007/s40675-023-00251-y
https://doi.org/10.1007/s40675-023-00251-y

Current Sleep Medicine Reports
Section. Hypersomnia. Article Type: Review

Title: Autonomic Dysfunction in Hypersomnia

Authors:

Alessandro Silvani, MD, PhD 1, Isabelle Lambert, MD, PhD 2, Anna Heidbreder, MD 3, Yves
Dauvilliers, MD, PhD 4, Lucie Barateau, MD, PhD *

Affiliations:

! Department of Biomedical and Neuromotor Sciences, University of Bologna, Ravenna
Campus, Ravenna, Italy

2 APHM, Timone hospital, Sleep Unit, Epileptology and Cerebral Rhythmology, and Aix
Marseille Univ, Inserm, INS, Inst Neurosci Syst, Marseille, France

3 Medical University Innsbruck, Department of Neurology, Sleep Disorders Unit, Innsbruck
Austria

4 National Reference Center for Narcolepsy and Rare Hypersomnias, Department of Neurology,
Gui-de-Chauliac University Hospital; and Institute for Neurosciences of Montpellier (INM),
INSERM, Université de Montpellier, France

Corresponding author : Lucie Barateau, Service de Neurologie, Gui-de-Chauliac Hospital,
CHU Montpellier, 80 avenue Augustin Fliche, 34295 Montpellier Cedex 5, France. Tel: +33 4
67 33 72 77. E-mail: lucie.barateau@yahoo.fr

Number of words: 3458
Number of words in the abstract: 174
Number of references: 92

Number of figures: 1 ; Number of tables: 0

Abstract

Purpose of review. This article provides a comprehensive overview of the literature on
autonomic dysfunctions in central disorders of hypersomnolence: narcolepsy type 1 and type
2, idiopathic hypersomnia, and Kleine Levin syndrome. Clinical implications are discussed.

Recent Findings. The interactions between the autonomic nervous system and central disorders
of hypersomnolence are complex. Patients affected with these rare sleep diseases often report
autonomic symptoms. Recent studies systematically assessed these symptoms in large cohorts
of well-characterized patients, and some studies objectified autonomic disturbances during

wakefulness and sleep, mostly with indirect measures.

Summary. Autonomic impairment is frequent in central disorders of hypersomnolence, and the

pathophysiological mechanisms underlying this dysfunction are not yet fully elucidated. In




narcolepsy type 1, the deficiency in orexin/hypocretin neurons could play a role, and that has
been confirmed in animal models of the disease. Management of central disorders of
hypersomnolence is nowadays only symptomatic, with wake-promoting agents, often
psychostimulants. Further research is needed to understand the consequences of these
medications on the autonomic nervous system, and their possible relation to long-term

cardiovascular risk.

Keywords: Hypersomnia, sleepiness, autonomic dysfunction, narcolepsy, idiopathic

hypersomnia, Kleine Levin syndrome, blood pressure




Introduction

Animal and human studies have shown that disorders of the autonomic nervous system may
influence sleep physiology, and that sleep disorders may be associated with autonomic
dysfunctions. However, in central disorders of hypersomnolence (CDH), the causal link with
autonomic dysfunction and its possible impact on health remain unsettled [1]. Among CDH,
the current International Classification of Sleep Disorders (ICSD-3) [2] distinguishes
narcolepsy type 1 (NT1) (formerly named narcolepsy with cataplexy) and type 2 (NT2)
(without cataplexy), idiopathic hypersomnia (IH), and Kleine-Levin syndrome (KLS) [3].
Excessive daytime sleepiness (EDS) is the main and often most disabling symptom of these
rare sleep disorders, defined in ICSD-3 by “daily episodes of an irrepressible need to sleep or
daytime lapses into sleep”. However, EDS can also be accompanied by an increased need for
sleep, and by sleep inertia upon awakening, especially in IH. A recent position paper from
European experts proposed to define “hypersomnolence” as “the presence of EDS and/or
excessive need of sleep or an increased quantity of sleep” [4], and hypersomnia would be the
“objectified complaint of excessive need of sleep”. In this review, we provide an overview of
the literature to describe autonomic dysfunctions in NT1, NT2, IH, and KLS. Autonomic
impairment and objective disturbances are reported during both wakefulness and sleep. The
clinical implications and perspective for future research are also discussed. Current treatments
of these disorders, especially wake-promoting agents and psychostimulants may have

undesirable cardiovascular side effects.

Narcolepsy

NT1 is a “model disease” of hypersomnolence, but patients have also other symptoms.
Cataplexy, i.e. sudden loss of muscle tone triggered by positive emotions, is pathognomonic of
the disease. Disrupted nocturnal sleep (DNS) is the third most common symptom [5, 6], and
sleep paralysis and hypnagogic/hypnopompic hallucinations are also typically reported [7, 8].
NT1 has a unique pathophysiology. It is due to the deficiency of orexins (ORX)/ hypocretins
(orexin A and B, also named hypocretin 1 and 2, respectively), which are neuropeptides
synthesized by neurons of the hypothalamus. Orexin deficiency in NT1 can be confirmed with
the measurement of low levels of ORX (<110 pg/ml) in the cerebrospinal fluid (CSF). Although
they represent a restricted group of cells, ORX neurons project widely through the brain,

including to brain structures involved in wake and sleep regulation [9]. ORX play an important



role in sleep and wake regulation, but also in many other functions, such as energy metabolism,
motivation, reward, addiction, and stress [10]. Their modulating effects on the autonomic
nervous system is well-established and has also been well studied in animal models of the
disease [11, 12]. Narcolepsy management is nowadays only symptomatic, and most
medications used (namely psychostimulants, sodium oxybate, and antidepressant agents to
manage cataplexy) may also interfere with autonomic and cardiovascular system functioning
[13].

Clinical autonomic disturbances

Autonomic symptoms and signs have been reported for decades in narcolepsy [14]: fainting
spells, erectile dysfunction, pupillary abnormalities, night sweats, gastric or digestive problems,
hypotension, dry mouth, heart palpitations, and disturbed skin temperature profiles. More
recently, these symptoms were systematically assessed in a large sample of well-characterized
NT1 patients, using the SCOPA-AUT self-questionnaire, a tool previously validated in
Parkinson’s disease [15]. A large spectrum of clinical autonomic disturbances was found, with
impairment in the six domains of the scale: gastrointestinal, urinary, cardiovascular,
thermoregulatory, pupillomotor and sexual. These disturbances were associated with older age,
poorer quality of life, and more depressive symptoms. The surprising absence of effect of drugs
intake for narcolepsy suggested that dysautonomia could be more a trait than a state in NT1
[15].

Objective autonomic dysfunction

In NT1, several authors measured of dysautonomia objectively, but often with indirect
techniques. These studies have yielded so far conflicting results regarding the direction of
changes in sympathetic activity in comparison with control subjects [16]. The heterogeneity of
the study samples in terms of age, gender, treatment status (drug-naive or withdrawal), and
comorbidities, together with the relatively small sample sizes could prevent the generalization

of these findings.

A recent study on a small sample of 12 de-novo patients with NT1 compared to control
subjects evaluated cardiovascular function by means of head-up tilt test, Valsalva maneuver,
deep breathing, hand grip, and cold face, sudomotor function by means of Sudoscan, and
autonomic symptoms by means of the SCOPA-AUT questionnaire [17]. The study reported
alterations in tests of cardiac activity consistent with a blunted parasympathetic modulation



during wakefulness, mild sudomotor dysfunction, and a large variety of autonomic symptoms
in NTL.

The blood pressure (BP) profile has been quite well-studied in narcolepsy. NT1 seems
to be associated with a blunted fall of BP from wakefulness to sleep, and particularly to rapid-
eye-movement (REM) sleep, and with a variable decrease in BP during wakefulness [18]. In
line with data on ORX knock-out mice lacking only ORX peptides and on ORX-ataxin3 mice
lacking the whole ORX neurons, a non-dipping BP profile was indeed reported in adult subjects
with NT1 [19-21]. This condition in adults is associated with greater cardiovascular risk, and
patients with narcolepsy seem to have increased cardiovascular morbidity [22]. However,
further epidemiological studies are warranted to clarify the clinical importance of these findings
[23]. Some studies in adults found a normal BP during wakefulness but a relative higher BP
during sleep [24, 25], especially during REM sleep [20]. In a small sample, no association was
found between residual ORX levels in the CSF and BP changes in NT1 [26], but a floor effect
remains possible. Finally, the effect of medication for narcolepsy on BP seems important in the
long term, with an increased diastolic BP and heart rate (HR) in patients treated by stimulants

compared to drug-free patients [27].

Orexin neurons are an integral part of the central autonomic network, with the potential
to drive bidirectional changes in parasympathetic activity to the heart and in sympathetic
activity to the heart and blood vessels either directly or indirectly. Therefore, a deficit in the
ORX signaling can induce HR alterations [28]. Several authors found similar HR mean values
and similar HR in NT1 versus control subjects [19, 25, 29, 30], or sometimes subtle alterations
of HR variability in patients with NT1 [29, 31-33] and in mouse models of NT1. However, a
study showed lower HR during wakefulness in a young and drug-naive sample of patients [34].
Higher HR in NT1, compared to controls, was found in other studies, particularly during sleep
[20, 35, 36]. The HR responses to internal stimuli during sleep (arousals and legs movements)
were found blunted in NT1 [35, 37], whereas those to emotional stimuli during wakefulness
were found preserved [38]. An increased LF/HF ratio was also found, suggesting an increased

sympathetic modulation [39], but later data called this interpretation into question [40].

The only direct measure of sympathetic activity is the recording of muscle sympathetic
nerve activity (MSNA) by microneurography. Two studies, never replicated ever since,
succeeded in recording MSNA in NT1. A low sympathetic tone during wakefulness was found



in a small sample of adult drug-naive patients, and this reduction was associated with lower
residual CSF ORX levels [34]. During sleep, MSNA recording is very challenging. One study
showed a physiologic decrease in MSNA from wakefulness to NREM sleep, and an increase in
REM sleep, with relative magnitude comparable to that in controls [25]. Similar results were
obtained for the skin sympathetic activity (SSA), which was estimated by measuring changes
in skin blood flow and skin potential [25]. Nevertheless, a pharmacological study on the ORX
knock-out mouse model of NT1 concluded that a defect in the modulation of sympathetic
activity to blood vessels was mainly responsible for the blunted sleep-related differences in BP
occurring in this model [12]. This discrepancy may point to species differences or indicate a
key role of the sympathetic control of other vascular districts, such as the splanchnic and the
renal districts, in the sleep-related cardiovascular changes associated with NT1.

NT1 is often associated with other sleep abnormalities (sleep apnea, parasomnia,
periodic legs movements (PLMS), REM sleep dysregulation, muscle overactivity during sleep),
and with a wide range of comorbidities such as neuropsychiatric disorders, obesity, and
metabolic disturbances. Some of these abnormalities and comorbidities could potentially

explain, or at least exacerbate, autonomic dysfunction in this disease.

Obesity, a condition known to be associated with increased sympathetic activity [41], is
very frequent in NT1, with up to one-third of adult patients obese, and half of children [42, 43].
This condition may be linked to ORX deficiency, but this is not yet fully understood. Weight
gain usually occurs at the onset of the disease, especially in children, and often with precocious
puberty [42, 44]. In a recent study, differences in plasma metabolic profiles between patients
with NT1 and controls were identified. A targeted liquid chromatography-mass spectrometry
metabolomics approach was used to measure more than one hundred circulating, low-
molecular-weight metabolites in plasma samples from drug-free fasted subjects with NT1, and
compared with data from control subjects matched for body mass index [45]. A study showed
that rest energy expenditure, measured by indirect calorimetry, is decreased in NT1 [46], but
other authors found no difference with respect to controls [32, 47]. It has been hypothesized
that sympathetic tone reduction would explain the increased fat accumulation in narcolepsy,
through a deficiency in catabolic processes [48]. However, the activity of brown adipose tissue
measured by Z-I-MIBG SPECT and 8-F-FDG PET was not different between NT1 and
controls [49]. Many patients with NT1 have sleep apnea syndrome, with a relatively high
prevalence (around 25 to 30%) probably linked to obesity and overweigh [50]. This frequent



condition may lead to increased sympathetic tone and diminished baroreceptor sensitivity, thus

increasing the risk of higher BP, non-dipping BP profile, and cardiovascular diseases.

Disrupted nocturnal sleep (DNS) has been less studied so far, but could be the third most
common symptom in NT1 [6, 51], and this fragmented nocturnal sleep could also lead to an
increased sympathetic drive. A study demonstrated that reduced ORX activity is associated
with increased atherosclerosis burden in mouse models of NT1. Unexpectedly, mice subjected
to sleep fragmentation in this study also produced less ORX, and developed larger
atherosclerotic lesions [52]. In a recent study about the complaint of DNS in adult patients,
DNS severity, assessed with one item of the validated Narcolepsy Severity Scale [53], was
associated with higher autonomic dysfunction assessed by the SCOPA-AUT questionnaire [6].
Restless legs syndrome [54] and PLMS are frequent in NT1 [55, 56], and these conditions are
also associated with an increased sympathetic activity. It is known that PLMS can induce
transient rises in HR and BP, even more if they are associated with micro-arousals, but a
weakening of this normal autonomic response to PLMS was shown in NT1 [37]. REM sleep
behavior disorder (RBD), a parasomnia is also frequent in NT1, probably affecting two third of
patients, even though its manifestations are different and typically less severe than those of the
idiopathic form (iRBD), which has a distinct pathophysiology associated with alpha-
synucleinopathies [57]. In iRBD, patients have cardiac sympathetic denervation and reduced
HR variability during sleep. In RBD comorbid with NT1, however, cardiac scintigraphy
revealed that 1231-MIBG uptake was higher than in iRBD and comparable with controls [58].
Nevertheless, REM sleep without atonia seemed related to decreased cardiac sympathetic
innervation in NT1 [59]. Urinary and plasma catecholamine levels measured over 24-hours
were reported to be normal in narcolepsy [60], but the sample was small, CSF ORX was not
measured, and the results have never been replicated. Abnormal pupillary reaction during
darkness [61] and impaired nocturnal penile tumescence [62] have also been reported in patients

with narcolepsy, further supporting the occurrence of autonomic alterations in these patients.

Childhood Narcolepsy type 1

Although the first symptoms of NT1 often occur in childhood or adolescence, children with
NT1 have been understudied regarding autonomic dysfunction. The autonomic alterations
associated with NT1 may vary across the lifespan, and future studies should focus on this
population, even if research is more challenging because normative data are often lacking. A
study compared 12 drug-naive children with NT1 to 23 healthy children, and analyzed beat-to-



beat HR during nocturnal sleep, at baseline and after sodium oxybate. The authors found a
slightly higher HR variability in all sleep stages in NT1 at baseline and a tendency to decreased
HR variability in REM sleep under sodium oxybate [33]. In another study, 27 children and
adolescents with NT1 (including 26 children with documented ORX deficiency), were
compared to 19 children with sleepiness complaints but no objective sleep abnormalities [24].
During wakefulness and nocturnal sleep, pulse transit time (PTT) and HR were studied. The
authors found a similar HR between groups, but a reduced lengthening of PTT during total
sleep and REM sleep compared to nocturnal wakefulness in NT1. Since decreases in BP lead
to lengthening of PTT, these results are fully consistent with the finding of smaller differences
in BP between wakefulness and sleep, and particularly of REM sleep, in adult subjects with
NT1. The finding of a non-dipper BP profile in adult patients with NT1 has also been recently
confirmed in children and adolescents with NT1 [63]. Finally, a recent study explored
orthostatic intolerance in a retrospective sample of 89 children with CDH, including mainly
NT1, and found that one third of children exhibited this symptom at initial presentation, with
female predominance, and the results were not significantly related to medication, sleepiness,

or diagnostic category [64].

Narcolepsy type 2

Patients with NT2 have the same clinical picture as NT1, including EDS, sleep paralysis,
hallucinations, and DNS, but without cataplexy, and with ORX levels above 110 pg/mL when
CSF analysis is performed [7, 8]. However, the phenotype of NT2 is more and more subject to
debate, with a lack of large samples in the literature [65]. This disorder may be more
heterogeneous than generally believed, and may be related to IH in some patients, with some
overlap between these conditions [66, 67]. Conversely, some patients with NT2 may later
develop cataplexy and develop NT1, whereas other may relapse, and still others may persist
into the NT2 phenotype [8]. Patients with NT2 are rarely studied as an individualized category,
often compared to NT1. A decreased HR variability associated with micro-arousals and with
PLMS was found in patients with narcolepsy (including NT2) compared with control subjects,
but also in patients with vs. without ORX deficiency [35]. In a small retrospective study of HR
variability, with few patients (11 NT1, 20 NT2, and 12 healthy controls), and without CSF ORX
measurement, the authors found a higher LF/HF ratio in patients than in controls during NREM
sleep, but also found evidence of lower parasympathetic modulation in NT1 than in NT2 during
REM sleep [68].



Idiopathic Hypersomnia

IH is a rare disease, affecting often young females. Long and unrefreshing naps are typical in
these patients [69], and their nocturnal sleep is prolonged and undisturbed, with sleep inertia
sometimes severe when they wake up [3]. As in NT2, little is known about the underlying
mechanisms in IH. Both are probably heterogeneous disorders, with no biological markers
discovered so far, and a possible overlap between these conditions [70, 71]. There is a small
body of literature regarding autonomic dysfunction in IH, and few reviews on the topic [72].
Nevertheless, it seems that symptoms of autonomic nervous system dysfunction are common,
as first reported in a case series [73]. A study showed that patients with IH had more often cold
extremities and fainting than controls [74], and another reported lower BP in IH than in
narcolepsy, but without a healthy control group [75]. The HR variability assessment in IH
patients versus controls revealed a dysfunction of the parasympathetic activity during
wakefulness and sleep, and an altered autonomic response to arousals [76]; however patients
were not diagnosed according to ICSD-3 criteria [77]. More recently, in a sample of 138
patients with IH and 81 controls, autonomic symptoms were evaluated with an online survey
through the Composite Autonomic Symptom Score-31 (COMPASS-31) [78]. This
questionnaire assesses autonomic functioning on 6 domains (secretomotor, vasomotor,
pupillomotor, gastrointestinal, orthostatic intolerance, and urological). Patients had more
autonomic symptoms in all domains, and this was associated with more sleepiness and worse
quality of life. The mechanisms underlying autonomic dysfunction in IH are unknown, but it
could be hypothesized that a lack of physical activity, due to hypersomnia, could induce
deconditioning and, hence, orthostatic intolerance. A high prevalence of deconditioning,
assessed as a reduced maximum oxygen uptake during exercise, has been associated with
orthostatic intolerance in subjects without IH [79]. It is also conceivable that autonomic
symptoms contribute to the global burden of disease in IH, and also to the fatigue experienced
by many patients with IH, a qualitatively different symptom that often accompanies EDS and

hypersomnia [4].
Kleine-Levin Syndrome

KLS is a periodic disorder of hypersomnolence, with relapsing-remitting episodes of
hypersomnia, associated with behavioral, psychiatric, and cognitive disturbances, and
sometimes with hyperphagia or hypersexuality [80]. Based on clinical experience, patients can

also report some autonomic symptoms during an episode, but a systematic assessment of these



symptoms has not been reported to date. No reliable disease biomarker has been identified so
far, and the pathophysiology of KLS remains mysterious. A recurrent primary hypothalamic
dysfunction, of inflammatory or autoimmune origin, could underlie this syndrome, but this
hypothesis relies on indirect findings and remains to be proven [81, 82]. Few CSF ORX
measurements were reported in the literature in these patients, with the frequent low CSF ORX
levels during the hypersomnia episodes [83, 84]. In a sample of 24 patients, lower values of BP
and HR were found together with lower ORX levels during the symptomatic phase of the
syndrome compared with the remission phase [84]. As in IH, the causal role of excessive sleep
length and relative inactivity deserves to be investigated. Sleep and inactivity per se could
potentially lower HR and BP. Thus, the observed autonomic dysfunction would not be linked
to the disorder itself, but to the state, e.g. hypersomnia and “bed rest” condition it causes. This

hypothesis however needs to be proven.
Medications

Medications for CDH may have potential negative effects on cardiovascular health, especially
in NT1, as patients need a life-long treatment [85, 86]. However long-term data on
cardiovascular outcomes in these populations are still lacking [23]. Among wake-promoting
agents (WPA), modafinil, armodafinil, solriamfetol, methylphenidate and amphetamines have
a well-known effect on BP and HR, and the dose level may influence the level of cardiovascular
risk [23]. Methylphenidate and amphetamines especially can increase BP, HR, and induce
cardiac arrhythmias. An important study (already mentioned above) with 160 NT1 patients
showed that patients treated with stimulants had higher 24h, daytime, and nighttime diastolic
BP or HR compared with untreated patients. Hypertension was diagnosed in 58% of treated
patients versus 41% of untreated patients [87]. A recent study showed that solriamfetol was
associated with small mean increases in HR and systolic and diastolic BP at doses of 150 and
300 mg/d in narcolepsy [88]. Pitolisant is different than other WPA, as it has a histaminergic
mechanism of action. It was associated with slight QT interval prolongation but without
clinically meaningful cardiovascular changes [89]. Antidepressant agents are widely used (off-
label) to treat cataplexy, and may also have an impact on the autonomic nervous system. At
last, sodium oxybate (the sodium salt of gamma-hydroxybutyrate) can improve all narcolepsy
symptoms (sleepiness, cataplexy, DNS). Sodium intake is known to increase BP and
cardiovascular risk, this treatment should thus be used with caution. Recently, a lower-sodium

oxybate (calcium, magnesium, potassium, and sodium oxybate) was developed to treat
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narcolepsy, and also idiopathic hypersomnia [90, 91]. The effect on sleepiness, symptoms
severity and self-reported patient global impression of change were shown in a placebo-
controlled double-blind randomized withdrawal study in patients with idiopathic hypersomnia.

Conclusions

The recent integration of data from multiple approaches, including preclinical studies, and
clinical research, has increased our understanding of the complex relationships between
autonomic nervous system and CDH. Autonomic disturbances in narcolepsy have been well
explored, but findings remain hard to generalize, because different populations were involved,
various methods were used, and results were obtained in different conditions (sleep or
wakefulness). Also, the impact of autonomic alterations on medical outcomes, life expectancy
in narcolepsy remains unknown. Sleepiness is a common symptom in the general population
and hypersomnolence is an active area of research, with several new wake-promoting agents
developed over the past years [85]. The upcoming arrival of non-peptide agonists of ORX
receptor 2 to manage narcolepsy also offers new perspectives in the field [92]. The effect of
these drugs on the autonomic nervous system should be systematically evaluated in future
studies, especially on cardiovascular parameters. A 24-hour BP monitoring seems mandatory
in future clinical trials. The pathophysiology of autonomic dysfunction in CDH and its possible
relation to cardiovascular risk need to be further explored, with large systematic assessment

and careful follow-up of homogeneous groups of well-characterized patients.
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Figure. Schematic representation of mechanisms of autonomic dysfunction in central
disorders of hypersomnolence. Full-line arrows represent well-documented associations,
mostly in narcolepsy type 1, whereas dotted arrows represent putative mechanisms. The relative
implication of each factor is quantified in the table below (+++ strong, ++ moderate, + mild, -
absent,? unknown).

Abbreviations: DNS: disrupted nocturnal sleep; IH: idiopathic hypersomnia; KLS: Kleine-Levin syndrome; NT1: narcolepsy
type 1; NT2: narcolepsy type 2; OSA: obstructive sleep apnea; PLMS: periodic limbs movements; RLS: restless legs syndrome
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